CONTEXT AND OBJECTIVE: Identification of women at risk of bone fracture is becoming less dependent on evaluating bone mineral density through placing greater value on clinical risk factors. The aim of this study was to evaluate the sensitivity of the Osteorisk clinical tool for identifying Brazilian postmenopausal women with osteoporosis, compared with bone densitometry.
INTRODUCTION
The prevalence of osteoporosis, along with the fractures consequent to it, is increasing year by year. It has been estimated that, with the aging of the population in Latin America, the number of hip fractures among men and women aged 50 to 60 years will be 400% greater in the year 2050, in comparison with 1950, and almost 700% greater among individuals over the age of 65 years. 1 There is an increasing need for diagnosis and therapeutic intervention among climacteric women who present a risk of fractures due to bone fragility, in order to save them from the morbidity and mortality caused by this event. Over the last two decades, diagnoses and prognoses of osteoporosis have been made based on measurements of bone mineral density (BMD), particularly because this is the single most important factor for preventing fractures. 2 There are various technologies available for evaluating BMD. 3, 4 However, the technique that is considered to be the gold standard is dual-energy x-ray absorptiometry (DXA). [5] [6] [7] [8] [9] DXA is the complementary examination most used in clinical trials to evaluate therapy for osteoporosis because it is fast, effective and safe. Epidemiological studies have found an excellent correlation between the risk of fractures and BMD assessed by DXA. 5, 10, 11 Thus, for good fracture prevention, it would be desirable for all climacteric women to undergo DXA and then to those with a diagnosis of osteoporosis receive treatment. However, applying DXA indiscriminately to the whole population of climacteric women with the purpose of diminishing the fracture rate would have a high cost and questionable effectiveness. Moreover, it would be limited to geographical areas where the DXA apparatus is available. 2, 3, 5 High investment could lead to a real decrease in the number of fractures and thus compensate for the expenditure that would be destined for treating them. Nevertheless, despite observing more and more that measurements using DXA enable precise diagnosis of BMD and are useful for monitoring treatments, DXA is inefficient for identifying which women are going to present fractures, when considered alone. [12] [13] [14] In the current literature, it is increasingly evident that DXA is used as an additional risk factor and not as the main criterion for establishing the approach in osteoporosis cases. This is clear in the Fracture Assessment Tool (FRAX), a clinical tool devised by the World Health Organization (WHO) that has the capacity to identify the likelihood of fractures over the next 10 years, even without measuring BMD, based on clinical risk factors. 15 Thus, the questions that arise are when to request DXA and how to make it more sensitive with regard to identifying women at greater risk of osteoporosis.
There is a growing trend towards using risk factors for osteoporosis and fractures as a screening method for measuring BMD. The aim is to improve the sensitivity of identifying women at increased risk of osteoporosis. [16] [17] [18] [19] [20] [21] Using this reasoning, in 2005, Sen et al. presented a clinical tool to aid in indicating the need for performing DXA among women in Latin America, called Osteorisk. 9 The proposal consisted of a simple mathematical formula using weight and age to classify postmenopausal women as presenting low, medium or high risk of osteoporosis. The women in the high and medium-risk groups are considered more likely to present bone fragility and therefore they should be referred for DXA.
OBJECTIVE
Perceiving the value of this clinical tool, our objective in this study was to evaluate its sensitivity for identifying Brazilian postmenopausal women with a densitometric diagnosis of osteoporosis.
METHOD Population
The patients were selected from the databases of Between September 2004 and October 2006, 1,253 postmenopausal women were evaluated and, of these, 812 presented the criteria for participation in this study. For inclusion, the women had to be over 50 years old and had to have reached the menopause naturally or surgically (bilateral oophorectomy with or without hysterectomy), with or without climacteric symptoms. They had to present a diagnosis of osteoporosis from densitometric evaluation, in accordance with the World Health Organization (WHO) criteria. 22, 23 It was required that, over the preceding six months, they had not made use of any of the following medications: estrogens, progestogens, androgens, calcitonin, bisphosphonates, aromatase inhibitors, calcium, heparin, selective estrogen receptor modulators (SERMs), parathyroid hormone (PTH), anticonvulsants (phenobarbital, primidone, phenytoin, carbamazepine or topiramate), lithium or corticosteroids equivalent to 10 mg/day of prednisone for periods longer than 10 days. In addition, patients who were drug or alcohol abusers or who had used abusive doses of antacids over the same period were excluded.
The women were characterized as postmenopausal if they had not menstruated for at least 12 months or if they presented follicle-stimulating hormone (FSH) levels greater than 30.0 UI/l. 24 Patients presenting any of the following were excluded: complains of intense bone pain, bone implants, antecedents of non-traumatic fractures, bone metabolic dysfunction (hypercalcemia, hypocalcemia, osteogenesis imperfecta, chronic gastrointestinal disease, Paget's disease or hyperparathyroidism), antecedents of bone metastases, thyroid diseases, presence of nephropathy and lack of densitometric diagnosis of osteoporosis in the lumbar spine or femoral neck.
The database for this cross-sectional study was built up by reviewing the medical files of patients who attended the climacterium and osteoporosis outpatient clinics of ISBEM and CAISM. files containing the information needed for carrying out this study were identified. After detailed analysis of these files with regard to the parameters defined for inclusion in the study, it was concluded that 812 presented the criteria for participation.
Bone mineral density evaluation
From analysis of the result reports from bone densitometry examinations, patients with osteoporosis in the vertebral column or femoral neck, or both, were selected. These patients' medical files were then analyzed using the densitometric criterion, with the aim of verifying whether they were also within the inclusion criteria determined for this study.
All the patients' ages, weights in kilograms and heights in meters were recorded at the time they underwent the bone densitometry examination.
The BMD measurements of the lumbar spine and femoral neck among the patients at both centers were performed using the Lunar DPX IQ or Lunar DPX alpha apparatus, which use the same software for data processing and analysis. The coefficient of variation of both types of apparatus was 1.1%. The examinations were performed by trained technicians and all the results were presented as computer-generated reports.
The patients were considered osteoporotic when the bone densitometry examination showed that the BMD in the lumbar spine or femoral neck was lower than or equal to -2.5 standard deviations below the BMD of young adults.
We chose to measure the BMD of the lumbar spine in the segment comprising the lumbar vertebrae one to four (L1 to L4) and preferentially the BMD of the right-side femoral neck. In the event of any technical or physical difficulty presented by the patient, the left side was used.
Anthropometry
Weights and heights were measured using an anthropometric balance, with the patients in the orthostatic position. The body mass index (BMI) was calculated by dividing the weight in kilograms by the square of the height in meters. 25 
Osteorisk
Osteorisk was developed by means of statistical multivariate regression calculations to predict the BMD. The potential risk factors used to develop the index were: age, weight, use of postmenopausal hormonal therapy, history of use of thyroid hormone, history of fractures after the age of 45 years, ethnicity, country of residence and BMI.
The model with all the variables presented sensitivity of 91% and specificity of 46% for identifying women with osteoporosis. After analyzing all the combinations of variables, it was concluded that the simplest model that would satisfy the preestablished performance criterion (sensitivity > 85% and specificity > 45%) contained only age and body weight. Based on this model, Osteorisk was calculated as 0.2 X [(weight in kg) -(age in years)]. Individuals were considered to be at low risk when the calculation gave a value greater than 1, at medium risk when it was between -2 and 1 and at high risk when it was lower than -2.
To evaluate the sensitivity of Osteorisk in relation to the T-score, we established that:
Patients without risk would be the ones presenting low risk in Os-• teorisk.
Patients with risk would be all others (medium or high risk in Os-• teorisk).
Statistical analysis
The sample size was determined by a convenience sample. With a sample size of 812 and a power of 80%, the chance that Osteorisk would detect a high risk of osteoporosis was more than 86.5%, comparable with the literature.
The data were summarized as means ± standard deviation for quantitative variables and as absolute frequencies (n) and relative frequencies (%) for the qualitative variable.
The presence of an association between the Osteorisk classification and the T-scores for the lumbar spine (L1-L4) and the femoral neck was evaluated by means of the generalization of Fisher's exact test.
For all statistical analyses, a significance level of 5% was adopted (α = 0.05).
RESULTS
The descriptive analysis on some of the demographic and clinical data, such as age, age group, ethnicity, weight, height, BMI and T-score for the lumbar spine and femoral neck can be seen in Table 1 .
The mean age of the women included in the study was 68.82 ± 7.0 years, and most of them were over 60 years. As shown in Table 1 , the age group from 60 to 69 years accounted for 47.7% of the subjects, while only 7.1% were aged between 50 and 59 years. Caucasian ethnicity was the most frequent type, accounting for 77.7%.
The weights of the women in our sample ranged from 34 to 93 kg, with a mean of 59.04 ± 9.5 kg, and ranged in height from 1.34 to 1.69 m, with a mean of 1.50 ± 0.05 m. The mean BMI was 26.26 ± 3.9 kg/m 2 . Osteorisk identified that 43.7% of the women were at high risk, 42.7% were at medium risk and only 13.6% were at low risk of osteoporosis. Table 2 presents the Osteorisk distribution in relation to the age groups and shows that, in the high-risk group, 15%, 25.5%, 63% and 97% of the patients were in the age groups of 50 to 59, 60 to 69, 70 to 79 and over 80 years, respectively. Tables 3 and 4 present the distribution of the patients in the Osteorisk classification, in relation to the BMD of the lumbar spine and femoral neck respectively. In relation to the lumbar spine, it was observed that 14.3% of the patients with osteoporosis according to their BMD were classified as low risk by Osteorisk. The association between the Osteorisk classification and the T-score for the lumbar spine, shown in Table 4 , was statistically significant (P = 0.027). The comparison with the T-score for the femoral neck, described in Table 4 , demonstrated a statistically significant association (P < 0.001). Table 5 shows the distribution of the Osteorisk results in relation to the T-score information from the lumbar spine and femoral neck. From this, it was found that the general sensitivity of Osteorisk was 86.5%. The false negative rate for the lumbar spine was 14.2% and for the femoral neck, it was 2.8%.
DISCUSSION
When the Osteorisk clinical tool was compared with DXA in this study, it presented sensitivity of 86.5% for differentiating women who were at greater risk of osteoporosis, independent of the bone site evaluated. This capacity comes close to the sensitivity found in the original study introducing Osteorisk (92%). 9 It is worth emphasizing that in the original study, the clinical tool was devised by comparing risk factors only with the T-score for the femoral neck, while the lumbar spine was disregarded. In the present study, 68.3% of the women with osteoporosis in the femoral neck were classified as high risk by Osteorisk, corresponding to sensitivity of 97.2% when only this bone site was evaluated.
There is unanimity in the literature in affirming that fractures of the femoral neck have a worse prognosis, since they cause greater morbidity and mortality. 26 Thus, the small number of false negatives for the femoral neck gives support to the idea that Osteorisk is clinically useful and effective in daily practice.
On the other hand, when we compared the Osteorisk results with the T-score for the lumbar spine, the number of false positives reached 14.2%. This was why the general sensitivity of this tool was no greater than 86.5%. One of the likely explanations for this may have been precisely the fact that this clinical tool was devised by comparing risk factors only with the T-score for the femoral neck. If perhaps it had been devised using other bone sites, other clinical factors might have been shown to be significant and might have entered the formula. This observation is important and makes us speculate whether a new tool originating from comparisons of risk factors relating to more than one bone site might have greater accuracy in relation to what was demonstrated with Osteorisk.
In the population of the present study, only 8% were less than 60 years old, which causes difficulty in undertaking a definitive analysis in relation to age. However, analysis of the use of this tool in relation to the age groups demonstrated that it had greater capacity to discriminate the risk of low bone mass and osteoporosis, the older the population was.
The percentages of high and medium risk identified were 46%, 82%, 98% and 98.5% in the age groups of 50 to 59, 60 to 69, 70 to 79 and over 80 years, respectively. Since the ten-year risk of fractures is directly proportional to age, 2 there is a lower possibility for patients younger than 60 years to present osteoporotic fractures, which diminished the practical use of this tool in that it did not identify younger women with osteoporosis.
The number of false negatives from this study reached 13.5%, and this needs to be analyzed. It is certainly a point of criticism of this tool. It needs to be asked what the implications would be, if this number of women with the disease failed to be referred for BMD evaluation. Likewise, the risk that these patients might present a fracture and, through this, suffer an impact on their quality of life needs to be assessed. Fur- Table 2 . Distribution of the patients, categorized according to the risk strata of Osteorisk, in relation to the different age groups (n = 812)
Generalization of Fisher's exact test: P < 0.001.
Bone densitometry of the lumbar spine (l1-l4) Normal T-score > -1 SD Osteopenia T-score: ≤ -1 and ≥ -2.5 SD Osteoporosis T-score ≤ -2.5 SD Total
Osteorisk n = 7 n = 49 n = 756 n = 812 Table 5 . Evaluation of the sensitivity of Osteorisk in relation to the densitometric diagnosis of osteoporosis in the lumbar spine (L1-L4), femoral neck and L1-L4 spine or femoral neck thermore, the cost to the state of supporting these women, who would usually become economically inactive, has to be considered. In a review on studies in which the Osteoporosis Self-Assessment Tool (OST), a variation of Osteorisk for European populations, was applied, Rud et al. 27 came to the conclusion that there were uncertainties in using this clinical tool. They considered that its capacity for discriminating low BMD in the lumbar spine and in combined regions had little clinical usefulness because of the large number of false positives. On the other hand, in relation to the femoral neck, they considered it to have better capacity, such that the use of this site was of more interest for clinical practice. It is worth emphasizing that, in their review, they did not believe that any of the studies assessed presented the recommendable level of technical quality.
There is no unanimity regarding the Osteorisk tool in the literature. A previous study by Steiner et al., 28 comparing Osteorisk with bone density measurements obtained from heel ultrasonometry among 461 women, found sensitivity of only 64%, i.e. relatively low in comparison with the 92% of the original study on Osteorisk. This difference was mainly because the values recommended by WHO for diagnosing osteoporosis via DXA were used for heel ultrasonometry. There are studies proposing that, to have a good association between the two examinations, the ultrasonometry scores should have a different basis. 29 Another observation is that in devising the Osteorisk tool, its authors excluded the population of black skin color. 9 In the present study, 21% of the women were black. The impact that this might have caused on the results is difficult to assess and open to criticism. There is no doubt that this is very important, since the value of any clinical tool that excludes an ethnic group, particularly in a country with racial miscegenation like Brazil, will be questioned. Nevertheless, the sensitivity in the present study was close to that of the original study, which makes us believe that even though the black population was included in the original description, the original study has not lost its value and it can be applied to miscegenated populations like the Brazilian population.
Finally, considering that the DXA examination is not widely available within the Brazilian public health system (Sistema Único de Saúde, SUS), or in the health systems of other developing countries, and that performing BMD measurements on all women who have passed the menopause would not be feasible or economically rational, the Osteorisk tool may be a viable and intelligent alternative. According to Silva, 30 around 480,000 women reach the menopause in Brazil every year. SUS pays 54 million reais per annum (equivalent to 21 million euros) for DXA examinations to be performed. For the examination alone, without including the cost of buying the equipment and the expenditure on technicians, physicians and paramedics, the amount invested reaches 26 million reais per annum (almost 10 million euros). Thus, having a tool with the capacity to identify women who are at risk of osteoporosis, with good sensitivity, would help clinicians to make correct referrals for DXA, thereby avoiding referrals for patients who are considered to present low risk, and saving on unnecessary examinations.
The FRAX tool, devised by WHO, was considered to represent an enormous advance in attending osteoporosis cases, yet it can be criticized. It requires a series of clinical information that is sometimes complicated to quantify, such as the use of corticoids or the amount of alcohol consumed. 15 Furthermore, it depends on having a computer in the outpatient clinic to make the evaluation. If no computer is available, a large number of tables varying according to the patient's age and ethnicity need to be consulted.
Osteorisk can certainly be criticized and it presents limitations. Therefore, it can be contested. Nevertheless, there is no method for differentiating women who are at risk of osteoporosis that is firmly established and free of criticism. This, together with the simplicity of Osteorisk, means that there may be interest in this method for attending patients with osteoporosis, in order to select patients better for DXA and diminish the costs.
The next step beyond the present study is to include a healthy menopausal population in the Osteorisk analysis. Through this, not only the sensitivity but also the accuracy of this clinical tool could be evaluated.
CONCLUSION
Because of the good sensitivity of Osteorisk, particularly for bone sites with greater morbidity, its excellent capacity for stratifying the risk among the elderly population, its possibility of application to black populations, its simplicity of implementation, its low cost and the savings that it provides, it meets the requirements to be an excellent screening method for identifying women who are at higher risk of osteoporosis.
